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Abstract. The present study aims the assessment of fish welfare in two farms from the 
southern area of Romania (Ulmu and Ciocanesti) using as objective welfare indicator the serum 
biochemical profile. The tests were conducted by using Vettest 8008 Chemistry, being analyzed: blood 
urea nitrogen, creatinine, phosphatemia, calcium, albumine, cholesterol, glucose, total proteins, blood 
ammonia, alanine transaminase, aspartate aminotransferase, lactate dehydrogenase, alkaline 
phosphatase, total bilirubin, creatin kinase, triglycerides, amylase. The obtained results were compared 
with those from other scientific researches regarding carp serum biochemical profile. The values in 
Ciocanesti ponds show increased creatinine, aspartate aminotransferase, phosphatemia, lactate 
dehydrogenase, alkaline phosphatase values and a slightly increased calcium and albumine values, the 
cause being the dehydration and the intense muscular effort associated with fish angling and 
restraining. In Ulmu ponds, there is noticed in adition a significant increasing of cholesterol, 
transaminases and glucose, which could suggests hepatopancreatic disorders. Following the 
researches, the fish welfare level was acceptable in Ciocanesti farm and poor in Ulmu. 
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INTRODUCTION 
 
As it has been defined by Broom, animal welfare represents “the psychological and 
physiological state as regards its attempts to cope with its environment” (Broom, 1996). 
Considering this definition, animal welfare is a variable on a scale from very poor to very 
good and includes ecological, ethological and physiological issues. 
Assuring animal welfare is not just a way to improve the production, but a moral duty 
of human regarding animals. In 1997, the concept of animal sentience was included into the 
basic law of the European Union. The legally-binding protocol annexed to the Treaty of 
Amsterdam recognizes that animals are “sentient beings”, capable of feeling pain and of 
suffering. However, there are still argues regarding the presence of negative or positive 
subjective states in fish. Recent researches demonstrate that fish nervous system is similar to 
mammals’, having transmission role for nociception from different body regions to the brain. 
Kirby (2003) shows that, from the 58 cutaneous receptors in the fish cephalic area, 22 of them 
are certainly nociceptors. More, exposing these receptors to stress results in a major altering 
of behavioral parameters (Sneddon et al., 2003). 
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Similar to other animals of economical interest, fish welfare assessment could be 
conducted on the basis of ethological indicators, management system and practices, 
integrative numerical and H.A.C.C.P. systems. Fish serum biochemical profile was rarely 
approached due to the various difficulties, which can occur in specimens’ sampling and 
transporting, as well as due to the high costs of the analyses. Therefore, in present, there are 
few studies regarding fish blood chemistry, the reference values of blood indicators being 
very controversial (Jen-Lee Yang, 2003; Luskova, V., 2002; Palmeiro BS, 2007). This lack of 
scientific data should be solved by increasing the number of researches in the field, in order to 
establish fish blood biochemical profile, an useful tool in assessing welfare level.  
In this context, the present study ranks among the first attempts at national level, 
which have targeted welfare assessment in fish on the basis of blood parameters as OWI 
(objective welfare indicators). 
 
MATERIALS AND METHODS 
 
The study aims to assess fish welfare in two farms from the southern area of Romania 
(Ulmu and Ciocanesti), on the basis of serum biochemical profile. 
Ciocanesti farm has a surface of 196 hectares and contains 39 fish ponds, while Ulmu 
has 44 hectares and contains 6 fishponds, used by rotation (by alternating inundation and 
drainage). 
From each farm there were collected by angling five fish belonging to common carp 
species (Cyprinus carpio), of 20-30 cm average body length and in the age of two years. 
Water temperature at the time of harvesting was 19,5-20 ºC (normal range for carp rearing). 
The fish were anesthetized with Finquel (Tricaine Methanesulfonate: MS - 222) 100-200ppm 
concentration in water, then the blood was collected by severing the caudal peduncle. In order 
to reduce stress level during blood sampling and to obtain relevant data, from each fish there 
were harvested maximum 2 ml of blood, then the blood samples were mixed - resulting two 
mixed blood samples for each farm fish. The blood was transported to the laboratory, then 
following coagulation and syneresis the serum was stored by refrigeration for a period of 2-3 
days. 
The tests were conducted by using Vettest 8008 Chemistry, device that offers high 
accuracy thanks to dry-slide technology that minimizes the effects of interfering substances 
(lipaemia, haemolysis, icterus). Because up to present there is not a biochemical blood panel 
for fish, it has been used a battery of tests consisting in individual slides, suggested by other 
authors works (Hemming T.A, 1989; Jen-Lee Yang, 2003; Luskova, V., 2002; Palmeiro BS, , 
2007; Thrall, M. A., 2004): blood urea nitrogen (BUN), creatinine (CREA), phosphatemia 
(PHOS), calcium (CA), albumine (ALB), cholesterol (CHOL), glucose (GLU), total proteins 
(TP), blood ammonia (NH3), alanine transaminase (ALT), aspartate aminotransferase (AST), 
lactate dehydrogenase (LDH), alkaline phosphatase (ALP), total bilirubin (TBIL), creatin 
kinase (CK).  
The obtained results were compared with those from other scientific researches 
regarding carp serum biochemical profile [2, 3, 8], although many times the values in the 
above studies are controversial.  
For triglycerides (TRIG) and amylase (AMYL) couldn’t be found reference values 
available in the studied scientific literature, so the obtained values, completed with the ones to 
be obtained in future researches regarding these particular parameters could help in 
establishing the reference values. 
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RESULTS AND DISCUSSION 
 
The obtained results are shown in the following two tables. 
As it can be noticed from the data in table 1, the fish serum biochemical parameters in 
Ciocanesti ponds are in normal range, with few exceptions: an increasing of creatinine, 
aspartate aminotransferase, phosphatemia, lactate dehydrogenase and alkaline phosphatase 
and a slightly increasing of calcium and albumine. The most probable reason of the 
biochemical profile modification is the intense muscular effort associated with fish collecting 
(by angling) and restraining, and a mild hemoconcentration caused both by high air 
temperature in the period of harvesting and by maintaining the fish emersed. It can be 
concluded that fish welfare level is acceptable, but the harvesting and blood sampling 
techniques must be modified (some works suggested that blood collecting via intraaortic 
cannulae from immersed fish minimizes the fish blood parameters altering [2]). 
Tab.1 
The biochemical serum parameters values for carp – Ciocanesti farm 
 
Assessed blood parameters Blood 
sample Obtained values Reference values
1
 
Ciocanesti 1 3 Blood urea nitrogen 
BUN (mg/dl) Ciocanesti 2 2 1,9 – 3,6 
Ciocanesti 1 0.2 Cretinine 
CREA (mg/dl) Ciocanesti 2 0.4 0,07 – 0,09 
Ciocanesti 1 >16.12 Phosphatemia 
PHOS (mg/dl)   Ciocanesti 2 >16.12 6,5 – 7,3 
Ciocanesti 1 10.8 Calcium 
CA (mg/dl) Ciocanesti 2 10.7 8 – 9 
Ciocanesti 1 1.2 Albumine 
ALB (g/dl) Ciocanesti 2 1.2 0.76 – 0.85 
Ciocanesti 1 157 Cholesterol 
CHOL (mg/dl) Ciocanesti 2 163 127 - 184 
Ciocanesti 1 36 Glucose 
GLU (g/dl) Ciocanesti 2 26 30 – 47 (96
3) 
Ciocanesti 1 3 Total proteins 
TP (g/dl) Ciocanesti 2 - 2,5 – 3,5 g/dl 
Ciocanesti 1 890 Blood ammonia 
NH3 (µg/dl) Ciocanesti 2 - 1070 - 1250 
Ciocanesti 1 <102 Alanine transaminase 
ALT (U/l)  Ciocanesti 2 <102 8,9 – 9,6 
Ciocanesti 1 331 Aspartate aminotransferase 
AST (U/l) Ciocanesti 2 - 121 - 124 
Ciocanesti 1 >28002 Lactate dehydrogenase 
LDH (mg/dl) Ciocanesti 2 >28002 860 - 1200 
Ciocanesti 1 58 Alkaline phosphatase 
ALP (U/l) Ciocanesti 2 - 14 - 24 
Ciocanesti 1 <0.2 Total bilirubin 
TBIL (mg/dl) Ciocanesti 2 - 0.2 - 2
4
 
Ciocanesti 1 > 2036 Creatin kinase 
CK (U/l) Ciocanesti 2 > 2036 1150 - 9700
4
 
Ciocanesti 1 172 Triglycerides 
TRIG (mg/dl) Ciocanesti 2 173 N/A 
Ciocanesti 1 83 Amylase 
AMYL (U/l) Ciocanesti 2 - N/A 
                                                 
1
 a compilation of scientific paperworks - reference values at 19 ºC water temperature 
2
 over the test’s limit of sensibility 
3
 reference value in a paperwork [7] 
4
 normal value referring to the koi fish (17 - 23 ºC water temperature) 
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Concerning the fish serum biochemical parameters in Ulmu ponds (table 2), besides 
the modifications similar to the ones occurred in Ciocanesti, it could be observed a significant 
increasing of cholesterol, transaminases (ALT, AST) and glucose, which could stand for 
hepatopancreatic disorders. 
Tab. 2 
The biochemical serum parameters values for carp – Ulmu farm 
 
Assessed blood parameters Blood 
sample Obtained values Reference values
5
 
Ulmu 1 3 Blood urea nitrogen 
BUN (mg/dl) Ulmu 2 4 1,9 – 3,6 
Ulmu 1 0.3 Cretinine 
CREA (mg/dl) Ulmu 2 0.6 
0,07 – 0,09 
Ulmu 1 >16.12 Phosphatemia 
PHOS (mg/dl)   Ulmu 2 >16.12 6,5 – 7,3 
Ulmu 1 13.3 Calcium 
CA (mg/dl) Ulmu 2 13.8 8 – 9 
Ulmu 1 1.5 Albumine 
ALB (g/dl) Ulmu 2 1.7 0.76 – 0.85 
Ulmu 1 228 Cholesterol 
CHOL (mg/dl) Ulmu 2 223 127 - 184 
Ulmu 1 121 Glucose 
GLU (g/dl) Ulmu 2 133 30 – 47 (96
6) 
Ulmu 1 4.0 Total proteins 
TP (g/dl) Ulmu 2 4.5 2,5 – 3,5 g/dl 
Ulmu 1 >9502 Blood ammonia 
NH3 (µg/dl) Ulmu 2 >9502 1070 - 1250 
Ulmu 1 18 Alanine transaminase 
ALT (U/l)  Ulmu 2 30 8,9 – 9,6 
Ulmu 1 263 Aspartate aminotransferase 
AST (U/l) Ulmu 2 758 121 - 124 
Ulmu 1 >28002 Lactate dehydrogenase 
LDH (mg/dl) Ulmu 2 >28002 860 - 1200 
Ulmu 1 28 Alkaline phosphatase 
ALKP (U/l) Ulmu 2 32 14 - 24 
Ulmu 1 0.1 Total bilirubin 
TBIL (mg/dl) Ulmu 2 0.5 0.2 - 2
7
 
Ulmu 1 >20362 Creatin kinase 
CK (U/l) Ulmu 2 >20362 1150 - 9700
4
 
Ulmu 1 158 Triglycerides 
TRIG (mg/dl) Ulmu 2 164 N/A 
Ulmu 1 109 Amylase 
AMYL (U/l) Ulmu 2 121 N/A 
 
CONCLUSIONS 
 
The researches led to the following conclusions: 
1) Revealed serum biochemical profiles suggest that welfare level in Ulmu fish farm is 
poor, while in Ciocanesti fish farm is acceptable; 
2) Nevertheless, the collected carp biochemical profile in Ciocanesti farm shows major 
altering, due to the collecting, maintaining the fish emersed and restraining issues. So, in the 
future researches in the field, the use of an automated sampler or blood harvesting from 
immersed fish are recommended.  
                                                 
5
 a compilation of scientific paperworks 
6
 reference value in a paperwork [8] 
7
 normal value referring to the koi fish 
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3) Fish welfare at farm level could be assessed on the basis of biochemical serum 
profile. The more studies in this field will be conducted, the more data will be gathered and 
fixing the accepted level will became possible. 
 
Acknowledgments. This study has been financed and is part of ID_285 grant CNCSIS, 
contract Idei 290/2007: Researches concerning the welfare of fish in farm fish, in 
transportation and slaughtering units. 
 
REFERENCES 
 
1. Broom; D. M. (1996). Animal welfare defined in term of attempts to cope with the environment, Acta 
Agric. Scand., Animal Science Supplementum No. 27: 22 – 28. 
2. Heming T.A. (1989). Clinical studies of fish blood: importance of sample collection and measurement 
techniques, Am J Vet Res. Jan.; 50(1): 93-7. 
3. Jen-Lee Yang, Hon-Cheng Chen (2003). Serum metabolic enzyme activities and hepatocyte 
ultrastructure of common carp after gallium exposure, Zoological studies 42(3): 455-461. 
4. Luskova, V., Svoboda, M, Kola.ova J. (2002). The Effect of diazinon on blood plasma biochemistry in 
carp (Cyprinus carpio L.), Acta Vet. Brno, 71: 117–123. 
5. Palmeiro BS, Rosenthal KL, Lewbart GA, Shofer FS. (2007). Plasma biochemical reference intervals for 
koi, J Am Vet Med Assoc. Mar 1; 230(5): 708-12. 
6. Radovan Kopp, Jan Mareš, Zdenĕk Kubíček, Pavel Babica. The influence of toxic cyanobacterial water 
blooms on the hematological indicators of silver carp (Hypophthalmichthys Molitrix Val.), Oceanological and 
hydrobiological studies, Vol. XXXXIV, Supplement 3: 85-92. 
7. Thrall, M. A. (2004). Veterinary hematology and clinical chemistry, Lippincott Williams & Wilkins, 
Philadelphia, ISBN 0-683-30415-1. 
8. http://www.vin.com/mainpub/rounds/fish_hemo_tbl.htm 
9. http://www.animalliberationfront.com/Practical/Fishing--Hunting/Fishing/fishfeelpain 
